We calculate thermal photon and electron pair distribution from hot QCD matter produced in high energy heavy-ion collisions, based on a hydrodynamical model which is so tuned as to reproduce the recent experimental data at CERN SPS, and compare these electromagnetic spectra with experimental data given by CERN WA80 and CERES. We investigate mainly the effects of the off-shell properties of the source particles on the electromagnetic spectra.
I. INTRODUCTION
In high-energy heavy-ion collisions, so many kinds of secondary particles, such as hadrons, leptons and photons, come out of hot matter which is produced at an early stage of the nuclear reaction. At first, we naively expect that the particle distribution directly reflects informations concerning the hot matter. As for hadrons, however, we regret to say that the final distribution is far from the initial form of hot matter and it is dirty due to strong interaction. While photons and leptons are considered to keep the information about the hot matter, because they interact only electro-magnetically.
We analyze the thermal photon and electron pair emission from the hot matter in a consistent manner, as follows: first we choose initial parameters in our hydrodynamical model so as to fit the experimental data of hadrons. Next, we derive the thermal production rates of photon and dilepton based on a quantum Langevin equation. Finally, accumulating the production rate over the whole space-time volume, which is given by our hydrodynamical model, we obtain the electromagnetic spectra which are to be compared with experimental data.
II. RELATIVISTIC HYDRODYNAMICAL MODEL AND HADRON SPECTRUM
We first analyze recent hadron spectra at CERN SPS energy. In a previous paper [2] , we solved numerically the (3+1)-dimensional hydrodynamical equation. In this paper we adopt the Bag model for the equation of state instead of the simple phase transition model discussed in Ref. [2] . Here we suppose that the fluid in the QGP phase is composed dominantly of u-, d-, s-quarks and gluons and that the fluid in the hadron phase is composed dominantly of pions and kaons. We fix the critical temperature as T c = 160 MeV and the freeze-out temperature as T f = 140 MeV.
Putting the initial temperature as T i = 209 MeV, we can see that our hydrodynamical model well reproduce the experimental data of the pseudo-rapidity distribution of charged hadron and the transverse momentum distribution of neutral pions in the S+Au 200A GeV collisions [4] . In the case of the Pb+Pb 158A GeV collisions, the best value to reproduce the recent experimental data of the rapidity distribution of negative charged hadron and the transverse momentum distribution of neutral pions is T i = 190 MeV [4] .
III. THERMAL PRODUCTION RATE
As for the thermal photon and electron pair emission processes from hot matter, we can easily write general formulas of production rates for these processes [7] 
Here H µν is a hadronic structure tensor, which is the Fourier transform of current correlation function. Supposing that a local equilibrium system is dominated by a certain mode and that the canonical operator of the mode obeys a quantum Langevin equation [1] , we replace the correlation function with the ensemble average in the sense of the quantum Langevin equation. Then we easily obtain the thermal photon production rate [3] . We can also obtain the thermal dilepton production rate based on the quantum Langevin equation in the same manner. We first consider the process of π + π − → e − e + . The production rate of this process at T = 160 MeV is shown in Fig. 1 . It is well known that this elementary process has the threshold at M = 2m π , which is originated from the on-shell condition of the source particle. In our formalism the source particle has off-shell properties, hence, we can observe in Fig. 1 that there is no threshold effect. Assuming the Vector Meson Dominance, we multiply the production rate by the square of pion electromagnetic form factor. In Fig. 1 , the deviation between the usual on-shell model and the off-shell model appears around the threshold and the difference is very small in the invariant mass region which is much larger than the threshold. On the other hand, because of the small value of threshold, we can safely neglect the off-shell effect in the process of→ e − e + . In the mixed phase region, We define the production rate as a function of T and λ
where λ is the fraction of QGP phase region. Integrating this production rate over the whole space-time volume in which the particle source exists, we obtain the momentum distribution of photon and the invariant mass distribution of electron pair which are to be compared with experimental data.
IV. RESULTS
Using together with the numerical results of our hydrodynamical model and the thermal production rate, we can predict the electromagnetic spectra. Figure 2 shows the numerical result of thermal photon distribution in S+Au 200A GeV collisions in comparison with the CERN WA80 data [5] . We can see in this figure that our model is consistent with these experimental data. We can predict the thermal photon distribution for the Pb+Pb 158A GeV collisions (Fig. 3) . In Fig. 3 , the photon distribution for the Pb+Pb collisions is similar to the result of the S+Au collisions. The larger space-time volume in the Pb+Pb collisions is compensated by the lower initial temperature in comparison with the S+Au experiment. Figure 4 shows the numerical results of electron pair distribution in comparison with the experimental data given by CERN CERES [6] . The solid curve stands for the electron pair distribution of our model with c = 1.0 in the damping function and the dashed curve stands for the result obtained by making use of the production rate based on the perturbative method neglecting off-shell property of the source current. The parameter c in the damping function has already been fixed by the previous analyses of the thermal photon production [3] .
Our model based on the quantum Langevin equation was expected to enable us to reproduce the enhancement of the experimental data near the threshold M ∼ 2m π because of the off-shell properties of the source current (see also Fig. 1 ). However, we must say from Fig. 4 that the off-shell property of the source particles is not enough to reproduce the enhancement in the small invariant mass region of the experimental data [8] . In this paper, we do not take account of the possibility of the partial restoration of chiral symmetry. Therefore, our results may be improved by taking into account the mass shift of ρ meson due to finite temperature effects.
V. SUMMARY
We compared our numerical results of electromagnetic spectrum with experimental data at CERN SPS energy. In the photon case our result is almost consistent with WA80 S+Au data. Furthermore, we evaluated the expected thermal photon distribution for the Pb+Pb collisions. We observed that this distribution is similar to the result of the S+Au collisions. In the case of the low mass region of electron pair distribution, our result was not improved by the off-shell property enough to explain the experimental data obtained by CERN CERES. 
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